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INTRODUCTION

In September-October, 1985, the U. S. Geological Survey
collected seismic reflection and refraction, gravity, and magnetic
data in the Gulf of Maine. The data from the seismic
refraction/wide-angle reflection experiment, collected using ocean
bottom seismometers (OBS) as receivers and large airguns as
sources, are listed in this report. Detailed interpretation of these
data will be presented elsewhere.

The structure of the Gulf of Maine has been discussed by
Hutchinson et at. (1987a,b) on the basis of gravity and magnetic data
and a deep crustal seismic-reflection line contracted by the USGS in
1984. They determined that the Gulf of Maine contained four crustal
blocks of differing crustal reflection and magnetic character.
Figure 1a shows their simplified tectonic map with the location of
the large-offset OBS lines superimposed; an interpreted line
drawing of the deep crustal reflection line is shown in figure 1b.

The main objective of the OBS experiment was to collect
velocity information to: 1) permit accurate conversion of the deep-
crustal reflection line to a depth section; 2) map variations in
crustal velocity and thickness within the Gulf of Maine; and 3)
examine the possibility of crustal anisotropy and variations in
Poisson's ratio to provide additional constraints on rock
composition. Because total recording capacity is a major
consideration when planning a deployment, an additional objective
was to collect data to evaluate the information content of
horizontal components compared to the value of dense shot spacing.



DATA COLLECTION

The large-offset data were collected from the R/V GYRE using
two 2000 cubic inch airguns fired at 2000 psi as the seismic source.
The guns were fired simultaneously once every 2 minutes for lines 3
and 8 and once every minute for lines 4, 5, 6, and 7. This
corresponds to shot spacings of approximately 250 and 125 m,
respectively. Only one gun, fired every 2 minutes, was available for
lines 1 and 2.

Shot instants were monitored continuously for the port gun and
were adjusted to remain between 22 and 26 ms after the firing
pulse. The delay between the two guns was monitered and adjusted =
to remain within 5 ms. o ‘

The signals from the shots were recorded by the four—cOmpbnent
USGS ocean-bottom seismometers (figure 2). The software driving
the intruments has been described in detail by Miller (1986). The
entire instrument is contained within a single aluminum sphere with
a diameter of 61 cm for the large spheres (A series) and 51 cm for
the small spheres (C series). The sphere is coupled to the seafloor
by a perforated steel plate. This anchor was chosen after a series of
tests to compare the seafloor coupling characteristics of several
possible anchor configurations (Trehu, 1985). During deployment,
the instruments fall freely to the sea floor. They are released from
the anchor by means of an acoustic signal and retrieved after
floating back to the surface. Several strobe lights with light-
sensitive swithches are attached to the exterior of the spheres to
aide in recovery.

Signals from one, two or four components (3 orthogonal,
gimballed geophones contained within the sphere and a hydrophone
attached to the outside of the sphere) are recorded on a cartridge
recorder according to a pre-programmed schedule. Sixteen bits of
data are recorded per sample (4 bits of gain ranging and 12 bits of
resolution) for a nominal dynamic range of 132 dB. Up to 4 blocks of
data, each containing 8 kilobytes (K), can be recorded as an event.
This translates to a maximum of 32 s of 4-component data or 128 s
of one component for a single event. Total recording capacity is 16




megabytes (M), corresponding to approximately 500 32-s-long 4-
component events or 2000 one-component events.

Operation of the instrument is micro-processor controlled. A
number of programming choices are available to maximize the
efficiency of tape usage. Program variables for a series of events
include series start and stop times, number of events/series, time
interval between events (in minutes), event delay (in seconds),
number of components to record, and number of blocks/event. A
deployment consists of several different, consecutive series.

Timing for the instruments is provided by temperature-
compensated oscillators. The clocks are -set relative to a satellite
clock before deployment, and the total drift relative to the satellite
clock is measured after instrument retrieval. A linear drift is
assumed when correcting the data.

Figure 3 shows the configuration of the refraction/wide-angle
reflection experiment. Two to four instruments were deployed along
each line. The ship then turned, reversed track, and shot the profile.
After shooting, the ship passed a third time along the line to
retrieve the intruments. This configuration yields several split
profiles along the line, providing constraints on lateral velocity
variations along the line.

Table 1 summarizes the data that were collected along each
line. The number of components recorded during a deployment was
variable. Because of instrumental problems, full tapes were only
recorded during lines 3, 7 and 8 and good hydrophone data were only
collected by the small spheres (C series of instruments). Because
the total recording capacity is a major consideration when planning
a deployment and this cruise represented the first use of the
instruments with an expanded programming capability, we wanted to
collect data to evaluate the information content of horizontal
components compared to the value of dense shot spacing. For
example, during line 7, several instruments were programmed to
record 4 components every two minutes whereas other instruments
recorded 2 components every minute.



DATA PROCESSING

The OBS data collected during this cruise are displayed as
record sections in Appendix 1. All record sections have been plotted
with a reduction velocity of 8 km/s and amplitudes that are scaled
as a function of range, R, by a factor of A*(R/Ro) where Ro=10km.
A=0.006 for all plots of the vertical component; A=0.003 for
horizontal components; and A=0.0001 for hydrophone components.
Ranges were calculated from the position of the ship as determined
from smoothed Loran C readings and from the position of the
instrument as determined from the position of the ship at the
moinent when the instrument was released to free-fall to the
seafloor. | p

The topography along each line is also shown in Appendix’ 1.
Topographic corrections to project the shots onto the seafloor were
calculated by the method of Purdy (1982) assuming a phase velocity
of 6 km/s. For the water depthsiconsidered here, the uncertainty in
the topographic correction due to the uncertainty in the phase
velocity used for this correction is negligible. Another source of
error in this correction is the assumption that the water depth at
the point of entry of a ray into the basement is the same as the
water depth beneath the shot. This assumption is violated in areas
of steep topography, but is probably valid in this area of generally
low relief.

A minimum-phase bandpass filter with a passband of 5-15 Hz
and cutoff of 48dB/octave was applied to all the data. Figure 4
shows the vertical and hydrophone components from the same shot
before filtering and their spectra. The high pass at 5§ Hz was chosen
to reduce the background noise, which has a peak at about 2 Hz. The
low-pass cutoff at 15 Hz was chosen to reduce the effect of 20 Hz
signals generated by finback whales (Schevill et al., 1964), who
were observed observing us. On some lines, the unfiltered data are
completely dominated by the whale sounds (figure 5). Large
differences in the background noise level, even after bandpass
filtering, can be noted between lines and within lines. These
differences are due to variations in instrument depth, sea state,



local ship traffic and other unidentified sources. For example, the
large increase in broad-band background noise level associated with
sea state is illustrated in figure 6, which compares the spectrum of
the background noise during calm seas (0 to 2-ft swells) to that
during rough seas (6 to 8-ft swells). Differences in the waveforms
from shot to shot are partly due to interference between the source,
which has a stong bubble pulse frequency of 5-6 Hz, and the near-
surface structure, where the hard rock seafloor results in a strong
water-column multiple with a frequency of 2.5-7 Hz. Because of
interference between these various reverberations, the source
signature is very complicated and- variable.

DATA DESCRIPTION '

Line 3 (figures A1-A11) was shot in the northernmost crustal
block interpreted from the reflection data (GM Fault Zone on figure
1a) perpendicular to the contract deep crustal reflection line. First
arrivals of the P and S waves constrain the velocity structure of the
upper crust very well. Near-vertical and critical-angle reflections
were recorded from the Moho on the hydrophone component of
instrument C6 on line 3. The vertical two-way travel time of this
arrival is 10.0-10.5 s, similar to the base of the crustal reflective
zone observed on the deep-crustal reflection line. Initial
experiments suggest that the moveout of the wide-angle reflections
can be determined quite precisely and can be used to contrain the
lower crustal velocity structure. Further processing may also
reveal Moho reflections on the data from other instruments.

Line 4 (figures A12-A13) was shot perpendicular to the deep-
crustal reflection line in the next crustal block to the south (Central
PZ on figure 1a). Because of an instrumental problem that caused
the recording to abort prematurely, the maximum range on line 4
was only 562 km. Although these data are noisier that those along
line 3, they yield a similar velocity structure for the upper crust.
Near vertical Moho reflections are suggested on instrument A2.

Lines 5 and 6 (figures A14-A16) were shot parallel to the
northern end of the deep crustal line. Data with very good



signal/noise ratio were obtained to ranges of up to 50 km. These
data constrain the P and S velocity of the upper crust very well and
suggest the presence of anisotopy when compared to results from
lines 3 and 4. This result is similar to that of Klemperer and
Luetgert (1987) for coastal Maine, except that in the Gulf of Maine
data, the anisotropy shows a strong depth dependence.

Lines 7 (figures A17-A26) and 8 (figures A27-A31) are
orthogonal lines that were shot to the sotuhwest of the deep crustal
line to study the crustal structure associated with the Cashes Ledge
magnetic anomaly (CLMA on figure 1). Offsets as high as 112 km
were obtained, and strong wide-angle reflections can be seen in the f i
data from most of the intruments and will be used to constrain ‘,fghe
lower crustal velocity structure. Near-vertical Moho reflections are
seen in the data from several of the instruments at 10-10.5 s.
Strong shear waves are also seen in the data from all instruments.
The difference between the ampl'itude and travel time of wide-angle
reflections on instruments C3 and A2 on line 7 indicates pronounced
lateral heterogeneity in the lower crust associated with the Cashes
Ledge magnetic anomaly.

Lines 1 and 2 were shot along and across the Franklin Basin.
Because these lines were shot during very rough seas with 6 to 8-ft
swells using only one airgun, the signal/noise ratio is very poor. An
example from line 1 is shown in figure A32. Because the airguns
failed after only 1/3 of the line had been shot, the section shown is
a composite of traces from several instruments.

SUMMARY

A large volume of wide-angle reflection/refraction data was
collected by the USGS in the Gulf of Maine to complement existing
deep-crustal reflection and potential field data. The data provide
excellent resolution of the velocity structure of the upper crust
within the study area. Observations of near-vertical and wide-angle
reflections from the Moho place constraints on the lower crustal
velocity structure.




In this report, the data are displayed in the form of reduced
record sections. These record sections illustrate only a fraction of
the information contained in these data. Further processing, such as
deconvolution, trace mixing, F-K filtering, and application of
hyperbolic move-out corrections, are needed to emphasize different
phases in the data and to resolve velocity information from later
arrivals. Additional displays at different scales and different
reduction velocities are also needed. These data are available from
the author on magnetic tape in ROSE format (LaTraille et al., 1982).
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TABLE 1a. Endpoints of the OBS-airgun large offset lines.

Start End

Line Latitude Longitude Latitude Longitude SI SV

N W N W (min)  (cc)
1 42 26.54' 67 46.64' 41 33.25' 68 26.30' 2 2000
2 42 10.20' 68 13.20 41 39.03' 67 5898 2 2000
3 43 1240' 69 12.18 43 4950 68 9.99° 2 4000
4 43 20.20' 68 20.58' 42 51.62' 69 1282' 1 4000
5 43 31.84' 68 51.61" 43 8.14' 68 39.74' 1 4000
6 43 58.10' 68 58.90' 43 20.78' 68 45.94' 1 4000
7 43 18.18' 69 59.85 42 2285 68 5833 1 4000
8 2 4000

42 59.10' 68 30.55' 42 19.83' 69 35.72'

Sl=shot interval; SV=shot volume

10
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TABLE 1b. Instrument positions and components recorded.

Line OBS Latitude(N) Longitude(W)

C3
Cé
C4
A8
C3
A2
C4
cé
A2
A8
A2
A8
A8
A2
A2
C3
A8
C4
A8
A2
C3

W 00O NNNANNOOODOOOO D P WWWOWNONN

P=hydrophone, V=vertical geophone, H1 & H2=horizontal geophones

41
41
42
41
41
43
43
43
43
43
43
43
43
43
42
42
42
43
42
42
42

39.62"
58.30'
16.05'
48.56'
58.32'
39.00'
31.99'
17.97'

-~ 248

8.99'

6.48'
17.08'
37.50'
47.50'
25.46'
34.50'
48.52'

2.04'
28.97
39.58'
49.54'

68
68
67
68
68
68
68
69
68
68
68
68
68
68
69
69
69
69
69
69
68

20.74'

7.60'
54.93'

2.51

7.57"
29.00'
40.52'

3.46'
53.45'
41.40'
39.02'
43.97'
53.01’
55.97'
00.45'
18.60'
31.51
43.54'
20.98'

3.43'
46.41'

11

Depth (M)
56

210

220
56
210
188
150
165
152
174
176
146
113
44
208
226
168
142
220
170
225

Components
P,V,H1,H2
P,V,H1,H2
P,V,H1,H2

V,H1,H2
P,V,H1,H2

V,H1,H2
P,V,H1,H2
P,V,H1,H2

<K <K<K <KL

\"
P,V,H1,H2
V,H1,H2
V,H1,H2
\'

\'

P,V



FIGURE CAPTIONS

Figure 1a. Tectonic map of the Gulf of Maine and surrounding region
(from Hutchinson et al. 1987b). Generalized terrane boundaries
(references cited by Hutchinson et al, 1987b), locations of deep-
crustal reflection lines, and locations of the OBS large-offset lines
(small open circles) are shown. Abbreviations are: NFZ - Norumbega
fault zone; TH - Turtle Head fault zone; BL - Belle Isle fault; VF -
Variscan front; MG - Minas geofracture; CN - Clinton-Newberry fault;
BB - Bloody Bluff fault; LC - Lake Char fault; HH - Honey Hill fault;
HVSZ - Hope Valley shear zone; PF - Ponkapoag fault; FF - Fundy
fault; CLMA - Cashes Ledge magnetic anomaly; NA - Nauset anomaly,
BIF - Block Island fault; SMB South Mountain batholith; FB -
Franklin batholith; ECMA - East Coast magnetlc anomaly; PZ -
Plutonic zone; GM - Gulf of Maine.

b. Interpreted line drawing of the Gulf of Maine deep crustal
reflection line (from Hutchinson et al.,, 1987b) and associated
‘magnetic and gravity anomalies. Positions of Alvin samples are also
indicated.

Figure 2. Exterior view of the USGS OBS being deployed. Geophones,
power supply, and recording electronlcs are housed within the
spherical pressure case.

Figure 3. Layout of the GYRE-85-11 OBS experiment. Airguns were
shot along the solid lines; open circles represent instrument
positions.

Figure 4. Characteristic signals recorded by the vertical and
hydrophone components of instrument C6 on line 3. Shot range was
15 km. The P-wave, S-wave and an interfering burst of whale sound
are seen. The spectra of the traces are also shown.

12 |



Figure 5. Example of the success of bandpass filtering at removing
the effect of 20 Hz noise due to talkative whales.

Figure 6. Spectra of the background noise recorded by the vertical

component of instrument C6 during rough seas (line 1) and calm seas
(line 3). :

13
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APPENDIX

Topographic profiles along the refraction lines and record
sections. Record sections were plotted with scaling parameters
described in the text and a reduction velocity of 8 km/s.
P=hydrophone; V=vertical geophone; Hi=horizontal geophone 1;
H2=horizontal geophone 2.
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